The literature presents several instances of interaction between the nervous system (NS) and the immune system (IS). These interactions are promoted by several molecules, such as cytokines and hormones, with modulating action for both the NS and IS. In this sense, the two systems may influence each other: changes in behavior may be accompanied by alterations in the IS (e.g., immunosuppression) and immunological disorders, such as infections, may modulate behavior (e.g., anxiety and depression). Considering that chronic stress, in addition to affecting behavior, also modulates the IS and that there is evidence that moderate intensity physical exercise (PE) protects physical and mental health, the objective of this review is to explore the influence of moderate-intensity PE on behavior and immunity. Level of Evidence V; Expert opinion.
INTRODUCTION
Stress, which may occur acutely or chronically, is a frequent phenomenon in society. 1 Both forms are related to stressors that affect people at all times, for example, in traffic, at work, or in their family life. 2 Therefore, it has been observed that the number of people under stress is large, varying from 18 to 65% depending on the country or demographics. 3, 4 Epidemiological data show that stress in its chronic form significantly alters behavior and may lead to mood disorders and, especially, depression. 2 In fact, stress can deregulate the hypothalamic-pituitaryadrenal (HPA) axis; increase the recapture and degradation of serotonin; increase degradation of tryptophan; and reduce production of BrainDerivedNeurotrophic Factor (BDNF). [5] [6] [7] In addition, chronic stress can promote immunosuppression, affecting cells and lymphoid organs, altering the production of antibodies and cytokines, as a result of an imbalance in the activation ofTh1/Th2 cells. [8] [9] [10] This is because, chronic stress, by deregulating the HPA axis, maintains high levels of circulating cortisol. As cells of the immune system (IS) have receptors for cortisol, the activation of these receptors inhibits the production of inflammatory cytokines such as interleukin-1-beta (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α), 11, 12 causing less effectiveness of the organism in the fight against infectious diseases and an increase in the time taken forwound healing. 13 This imbalance in the immune system, caused by chronic stress, has a strong association with the development of depression in clinical and experimental studies.
Unlike chronic stress, moderate intensity physical exercise (PE), when practiced regularly, has an anti-inflammatory and immunostimulatory action, and reduces the signs and symptoms of stress. 6, 7, 16, 17 Animal studies, for example, provide evidence that moderate PE can ameliorate some of the effects of stress. Regarding behavior, Sprague-Dawley rats submitted to moderate-intensity PE presented behavioral alterations compatible with a reduction in stress levels and increased BDNF mRNA expression. 6 A reduction in passive behavior when faced with aversive situations was also observed in mice submitted to 14 days of voluntary running. 17 Moderate intensity PE was shown to have an anti-inflammatory action, changing the pattern of cellular immune response to humoral response in rats. 16 In addition, PE was able to reduce serum cortisol levels, stimulating neuroplasticity and serotonin production. 6, 7 In humans, it was observed that moderate intensity PE provided cognitive improvement in depressive volunteers. 18 In elderly women, regular practice of moderate intensity PE stimulated the production of specific anti-influenza antibodies (IgM and IgG) compared to a group of sedentary women. 19 In men diagnosed with prostate cancer, it was observed that moderate intensity PE during treatment decreased the production of inflammatory markers and fatigue. 20 Another study showed that moderate PE reduced inflammation in women with Systemic Lupus Erythematosus. 21 Thus, the purpose of this review is to explore the role of moderate intensity PE in relation to psychoneuroimmunological aspects.
Communication between the nervous system and the immune system
When an individual is affected by stressful situations, their organism presents physiological alterations that leave them in a state of alert (e.g., minutes before a competition), remaining in this state until the end of the action. 5 At this moment, certain hormones increase such as cortisol, adrenaline, and noradrenaline. As a result, there is an increase in respiratory rate, heart rate, blood glucose concentration, and blood flow to the skeletal muscles. 22 Through this rapid change in behavior, stress is related to the survival of the individual, also known as the fight or flight response. 5 In addition, when the individual is affected by long periods of stress, an imbalance occurs in the negative feedback of the HPA axis and elevated cortisol levels are found in the circulation, decreasing the number of receptors involved with the negative feedback and, thus, increasing amounts of cortisol are released into circulation. 5 Cortisol regulates neuronal survival, excitability, and neurogenesis through the activation of glucocorticoid receptors responsible for inhibiting the expression of neurotrophic factors, such as BDNF. The reduction in the expression of these factors implies in the death of neural cells and in lower hippocampal neurogenesis, conditions associated with the appearance of depressive symptoms. 23, 24 This imbalance in serum cortisol levels also influences the IS, through a set of molecules, cells, tissues, and organs that function collectively to provide immunity, or protection, against external pathogens.
25 This is because IS cells also present receptors for cortisol. The activation of these receptors by cortisol inhibits the production of inflammatory cytokines such as IL-1β, IL-6, and TNF-α, 11, 12 reducing the effectiveness of the organism in combating infectious diseases and increasing the time taken for wound healing. 13 Animal studies also present evidence that chronic stress suppresses the IS. 8, 9 Mice subjected to chronic stress present a compromised immune system, as observed by the reduction in cell proliferation and production of pro-inflammatory cytokines (TCD4+ lymphocytes, interferon-gamma (INF-γ), and TNF-α). These alterations lead to a decrease in the survival of these animals. 8 Furthermore, rats submitted to inescapable shock stress suppress the production of antibodies: immunoglobulin M (IgM) and immunoglobulinG2a (IgG2a). 9 Acute stress, in turn, is recognized by immunoprotection (Figure 1 ). This is because in an alert situation (fight or flight), acute stress prepares the IS for alterations (injury or infection) that may occur through confrontations (e.g., predator attack). 26 As an example, acute restraint stress activated mast cells in Wistar rats. 27 In humans, acute stress increased serum levels of IL-6 28 and increased the activity and number of Natural Killer cells in peripheral blood. 29 The IS can regulate the nervous system (NS) by means of cytokines. This has been observed through increased production of proinflammatory cytokines, especially IL-1β, IL-6, and TNF-α, which can be produced by either immune or non-immune cells. These cytokines play a key role in the communication between the NS and IS, for example, IL1-β influences the HPA axis by stimulating the hypothalamus to produce corticotropin-releasing hormone (CRH), a molecule responsible for stimulating the production of adrenocorticotropic hormone (ACTH) by the pituitary gland. 30 In the case of the IL-6 and TNF-α cytokines, when recognized by the pituitary gland, stimulate the production of ACTH, a molecule that communicates with the adrenal gland cortex, stimulating the production of cortisol. 30 Thus, the increase in stress hormones due to the action of cytokines suggests that the IS may be implicated in depression.
In this sense, one possibility is that behavioral disorders with inflammatory origin should not be treated with antidepressant medications but rather with anti-inflammatory drugs. 30 In addition, the literature has pointed out that non-pharmacological measures such as the practice of PE are also effective in controlling behavioral disorders and in the regulation of the IS.
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Moderate intensity physical exercise regulating behaviour
Research with humans and animals supports a positive action of physical exercise (PE) on the physiological and behavioral alterations caused by chronic stress, being increasingly accepted as an intervention that can reduce signs and symptoms of cognitive dysfunctions and behavioral disorders such as depression and anxiety. 6, 17, 32, 33 This efficiency of PE to improve cognitive and behavioral parameters has been compared to pharmacological treatments and psychological interventions. 34 However, Figure 1 . Effect of acute and chronic stress on the SI. Adapted from Dhabhar 26 .
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Immuno-supression although physically active individuals exhibit fewer health problems, even when faced with stressful situations, which can be verified by the normalization of serum levels of cortisol and serotonin, molecules that are altered in individuals under stress,the ideal amount and type of exercise for maximum protection are not yet known. 35 In contrast, moderate intensity PE is known to prevent the suppressive effects of stress on BDNF expression, hippocampal neurogenesis, synaptic plasticity, and neural survival. 36, 37 An example of this was observed in Sprague-Dawley rats submitted concomitantly to stress and PE. 6 In this study, the effects of stress were, at least in part, prevented by PE, being observed in behavioral tests (preference for sucrose and open field) and by the increase in BDNF mRNA expression. 6 The ability of PE to prevent the effects of stress suggests its potential for the control of depression.
In fact, different studies have demonstrated the usefulness of PE in the intervention and control of diseases, such as depression and panic disorder. [38] [39] [40] In this way, Plag et al. 40 , analyzing the effects of moderate intensity PE on the concentration of salivary cortisol in individuals with panic disorder, observed that after seven months of PE the individuals presented a reduction in salivary cortisol levels when compared to non-exercised subjects. In patients with insomnia, it was also observed that the practice of moderate intensity PE for 4 months improved sleep quality and reduced serum cortisol levels. 41 Other studies have shown that PE is also effective in treating stress for both normal-weight 39 and obese individuals. 38 Given this context, the importance of performing PE in order to prevent or attenuate behavioral alterations is clear.
Moderate intensity physical exercise regulating the immune system
Moderate intensity PE has beneficial effects on the IS, such as greater protection against infections, an increase in the effectiveness of vaccines, and an increase in the proportion of differentiated T cells in circulation. 19, 42, 43 Within this context, research evaluating the effects of PE on the IS has increased in recent years. 42, 44, 45 The first investigations that related the intervention of PE in the IS began in the late sixties. During this period, the emphasis was on whether PE could influence the number of secreted proteins in the urine, e.g., immunoglobulins, after exercise. 46 Since then, research has been carried out to elucidate how PE can modulate the IS. 44, 45 The immunomodulatory effect of PE has been observed in experimental studies with animals and humans. 47, 48 This immunomodulation is dependent on the intensity of the effort, so that moderate intensity PE is known to facilitate positive adaptations to the IS 43, 49 independently of whether it is carried out acutely or chronically. 45 The cytokine patterns produced by T helper (Th) lymphocytes are influenced by PE. [50] [51] [52] There are different subpopulations of Th lymphocytes; the two most commonly studied are T helper type 1 (Th1) and T helper type 2 (Th2) lymphocytes. Th1 lymphocytes are essential in cell-mediated immune response in defense against intracellular pathogens as well as producing proinflammatory cytokines such as interferon-gamma (IFN-γ) and interleukin-2 (IL-2). Th2 lymphocytes, on the other hand, produce anti-inflammatory cytokines such as interleukin-4 (IL-4), interleukin-5 (IL-5), interleukin-10 (IL-10), and interleukin-13 (IL-13), being responsible for host defense against parasites and other extracellular pathogens. In addition, Th1 pattern cytokines, e.g., INF-γ, suppress the production of Th2 pattern cytokines such as IL-4, which suppress the production of Th1 pattern cytokines. 50, 52 The immunomodulation exerted on the IS by moderate intensity PE is, at least in part, dependent on the IL-6 produced by the muscle. 53, 54 Unlike the inflammatory process, which stimulates the production of IL-6 by mononuclear cells via NF-kB, moderate-intensity physical exercise stimulates the production of IL-6 in the uninjured muscle via p38 MAPK and/or Calcineurin-NFAT. The phosphorylation of these molecules activates transcription factors (CREBP, p300, CBP, NFAT, and AP-1) that act in the production of IL-6, independent of the NF-kB pathway which is not activated by muscle contraction. 53 The IL-6 produced by the muscle has an anti-inflammatory action, stimulating the production of IL-10 and cortisol and inhibiting the production of TNF-α, in order to favor the Th2 response pattern. 54, 55 Animal studies illustrate how moderate PE can exert effects through IL-6 production. For example, this was observed in mice infected with Streptococcus pneumoniae 72 hours after being submitted to a protocol of moderate intensity PE for 4 weeks, in which the PE attenuated the bacterial growth and inflammatory process in the lung when compared to control animals. 47 These findings are supported by the fact that moderate intensity PE favors the production of IL-6 by the muscle via MAPK and has an antioxidant effect. 53, 54, 56 In another study, mice submitted to a moderate intensity PE protocol initiated after infection with the influenza virus presented lower numbers of infiltrated cells in the lung and reduced viral load. 51 In vaccinated individuals, moderate intensity PE is known to increase the migration of lymphocytes to the site of administration of the vaccine through increased recognition and processing of the antigen; a greater number of monocytes and circulating dendritic cells; and increased migration of the cells that are in the sites of the antigen to the lymphoid nodules, a condition that favors the production of antibodies 45 ( Figure 2 ). As an example, elderly women participating in a PE program for 12 months produced higher levels of anti-influenza (IgM and IgG) antibodies compared to sedentary women. 19 Another study showed that elderly subjects who performed 10 months of PE (25 to 30 minutes/ day, 3 times/week) also demonstrated higher production of antibodies against influenza due to the PE. 57 In addition to the influenza vaccine, moderate intensity PE was also effective in potentiating the effects of the pneumococcal vaccine. Young adults immunized with the pneumococcal vaccine, after 15 minutes of moderate PE, demonstrated higher antibody production when compared to the non-exercised individuals. 42 As moderate intensity PE has a positive role on the immune system, studies have highlighted several ways of applying it as a non-pharmacological intervention measure for the treatment 48 and prevention 58 of diseases. As an example, moderate intensity PE reduced abnormally high levels of some cytokines (INF-γ, IL-10, IL-6, and TNF-α) in women with Systemic Lupus Erythematosus. 48 Another study demonstrated that women with breast cancer can benefit from PE in order to reduce the body fatigue caused by the disease, thus also improving the quality of life of patients. 59 In this sense, the importance of the practice of moderate intensity PE in the immunomodulation of the IS is evident. 
